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FOREWORD

The containe: described in this report vas developed for the
Air Porce by Kellett Alroraft Qorporation of Camden, New Jersey
under Contract No, AF 33(038)-12757, The project was initiated and
initially monitored by Captain D, D. Ziegler as project engineer
under Propeller Laboratory SEQ 562-210, The project was luter
monitored by Lt. W. 8. Eubenks, Jr., Fotary Wing Branch, Propeller
Laborstory, as project enginecr. Acknovledrment 1s mude for the
asslstance and helpful sugyestions glven by the personnel of the
Packaging Branch, Materials Liboratory, WiDC.




LBOTRACT
The design and development of an all metal, demountable, extensible,
shipping container which is easily assembled and disassembled is described,
In addition, a description of another type of container whish was not de-
veloped nder a2 Alr Force oontract is included for information and comperison.

It is oconcluded thet the container devsloped under Air Force Contract
AF 33(038)-17757 and described herein meetz the requirements of the subject
contract and development program, 'The subject container passed & series of
drop tests and a shipping service test curine which an actusl set of blaces
vas installed in the container and the conteiner shipped to various points
in the continental "nited States. With wninor modificetisns the subiect

conteiner should be suitadble for shipping rotor blsdes in varying lengths
frem & ft. to 26 ft.

The Aonold conteiner, which is described for edditiomal information,
appears adequate for utilization in the ehipment of small rotor blades, al-
though minor modifica%ione may be necessary to insure that t-is container
could be used in continuous serviss.

PUBLICATION RSVIEW

This report has besn reviewsd and is spproved.

L
e . RN N EAN !

L. ¥ yroR 7
Colonel, USAF

Chief, Propaller Laboratory
Direotorats of laboratories
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DEVELOPMENT OF A METAL SHIPPING CONTAINER

FOR "BLICCPTER ROTOR BLADES

INTRODUCTICH

Helicoptsr rotor blades, by the nature of their desizn and construction,
are difficult to package properly. A helicopter rotor blade is usually e long,
slender, vane-like wing that feamtures light, flexible construction. The
extreme length of a container %o house a set of rotor bledes as compared to
i1ts width and height necessitates s strongser, normally heavier, construction
to give the required rigzidity, Due to the type of construction necessarv to
essure that & rotor blade weirha as little es pos.ible, the majority of the
heliocopter rotor blade designe now in use or contemplsted for future use have
low impaot resistance., I% {8 necessary then to provide some means of packaging
these blades so tmt they will be isolated from any shock loads which might
be imposed by an mocidental dropring of the cuntainer, When rotor blades are
packered, careful attention must be paid to the provisions for mounting the
blades 20 that the inherent {laxibility of these hlades will not allow them

to strike the walls of the ocontainer cr blade supports end thus demaze the
blades.

To date, the containers used for shipping rotor blades “ave been con=-
structed primarily of wood. These containers are extremely “esvy ss compared
to the weight of the blades being shipped. A&n example of this is a wooden
container weighing 1200 pounds whioh 18 used to ship a set of helicopter
blades weizhing 36C pounds. It has besn found that it is difficult not to
damage the wooden contsiners during disassembly since the wood stlinters and
cracks if force is used to pry off the top, (see Fige. 1, 2, and %), Often,
if there sare no blades to return from the field, the woocen cortainers are
destroyad or disessembled for another purpose. Shipping cubature i{s the
same whether the containers are empty or full. For this type of container,
it requires a different size container for each sizs of rotor blade. Normally,
when an activity receives a shipment of helicopter blades, the “lades are
removed from the container and stored in racks. If the activity maintains
e large supply of helicopter blades, the problem of storage for the empty
blede shipping containers presents itsslf.

Tt was with these problems in mind that the Fropeller La“oratory initisted
Froject R-582-210 and Purcrmse Reaquest No. 9199, for the development of &
motel ahipring container for “eliconter rotor blades which wonld be deme
able, extengible, and ensily asssmhbled and disassembled. The Dyt -
Bequast Yo, 993050 and the sohcaguent pronastle eod RO p o
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BACKGROUND OF THE PROJECT

On 2; June 1947, tha Packaging Branch of Materials Laboratory let a cone
tract to Bast Coast Aeronsutics, Ine,, New York, New York, for the development
of two typss of lightweight oontainers for the ghipment of helicopter rotor
blades. The Type I container {Fig. L) was to de of 211 metsl construetion
snd the Type IT (Fig. 5) was to bs of combined materials, Tnside clear dimen-
sions were to be 18 ft, (length) by 30 in. (width) by 33 in. {depth). THia
size container would accommodate the main rotor bledes of the Reb telicopter,
which were taken as e typlcal load for the purposes of this develorment, The
load was 17 pounds, of which 175 pounds wvas carried at one end of the son-
tainer, and 9 pounde et the other end. The load was supported by and attnched
te reinforoed floor members loc-ted 1l in. and %0 in., respectively, from the
ends of the cmta‘ner. Both typas of gonta’ners ware assembled by neans of
bolts and fixed nuts, and ocould be completsly disessembled and hundled for
shipment when empty. The Tyoe I conteiner was macde of corrugated, 0.0k in,
eluninum shest with stiffening ribs and two full-lenzth wood skide. The
Type IT container was made of three-eights inch nrlywood with wood skids.
Alignment snd closurs along the junctions of sides, ende and top wers so-
complished by mesns of & oontinuous metsl section ecnsisting of a semi-circular
channel and fin., The Pins were rivetad to the edee face of one venel and the
channel fitied over the edge of the sdimcent panel. The chennels were lined
with & rubber gasket to provide a tight closure, The top panel of each con-
tainer cerried four lifting rings, one at ssch corner. The net weischt of the

_metal container vas 7283 poundg. The vlywcod cortainer weighed 357 pounds.
Tt oontract with Bast Cost Aeronautics, Tne. was successfully completed
19 February 13L& vith the acceptance % a wooden mand metsl conteiner, The
test data are recorded in Referennes 1 and 2,
Although these desirns provsd o

3
a

zeeeeful and met the recuirements of
the Air Force, it was not felt that they were completely satisfmetory for the
following reasons:

(1) Although they were desizrned to bs demcuntable, there weg a
lerze number of fasteners and considarable time was reguired
to assemble and disassemble these containers.

(?) These containers were rot sxtensible so that & different size
container was required for each different size rotor blade.

Thie project wae clossd cut 26 VMerch 1952 in Yemorendum Report Yo,
WOETG-U~G503, Refersnne 3.

T orrodent €5 gecurs 8 guitadle

SR T TN S N D
gt Yo nemth daraur b




-ﬂ-mho».-! Aq pedoyeaeq Xeu} tvcou ,nn..«o} -1 e

_oavi ‘43038200 ¥7




uojaumiqQuoy = & *¥i.

[91403 9K £Q pedoeaeq Jeuiuiucy T¥IOR-POOM

0Qvi *Adcgusoqel 8




sigzes of rotor blades. The rsessons ziven were.as follows:

{1} In the psst, no spenification or standardizetion f5r packaging
rotor blades was available to ths manufacturers of rotor blades.
As 2 result of this condition, each manufacturer hes ussd his
own packsging procedures snd fabricated the boxes whioch are used
for shipment of commerciel rotor bledes. In scme inatances, the

boxes have proved to bs unsatisfactory and blades have been
demaged.

{2) The boxes used for shipment of rotor blades have all been fabri-
cated of wood. Dus to the extreme lenzth of the box compered to
the oross sectional area, heavy pleces of timber ars required
to obtain the required rigidity. It would aprear fessible that
a metel tox could be fabrioated to sccomplish the desired rigidity
with # weight saving-of approximately 50 per cent. Thiz would

reducs the problem of handling #3 well as tne freight costs for
shipment,

(3) Ths length of the boxas required to packegs the mtor blades pre-
sently in use and those contemplated in the future vary to such
an extent that the design of seversl tvpemes of wood boxes would
be required. It would appsar feasible that a metal box could
be bullt ir sections end by romowval or addition of secticns, be
edequste for packaging a variety of rotor blsdes. Also, it would
avpear more practical from e standpoint of re-using the box.
Damage would be considerably less and the box could be di sassembled
end shipped in & very amell peclapge.

. The requiremente for e contairer as set up for thig project are oiven below.
The Xellett Alrora®t Corporation weg selected es the prime contractor on the

basis of its proposal end Contraot AF 33{038)-17757 wes awarded to this company
for the development of a suitable container, {Figse, 6 and 7),

REQUIREMENTS

MATERIAL AND WORKMANSHIP

The metal container assomblv vdll form [ fin{s"xod nroduct oapabla of‘
meeting the requir-— ¥

with industr
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the deletion of one section. The length of the sectionus will be determined from
the following data:

Rotor

. Diemster Chord Yo. of We'irht

Model (£t.) {in.) Bledes {1b.)
H.g L3 P 3 i fels)
Y«13, B-15 37 16 2 200
H.12 Lg 21 2 500
.13 33 11 3 120
19 52 17 3 Loo
21p 35 - 3 220
HRP L1 i 3 330

weImHT

Consideration shull Ve rliven In the design so that the conitainer will be
as lizht as possibls without sscrificing rizidity snd rugzedness,

ATSENELY AND CLOSURE

The container s'mll be capahle of disassenbly, assembly, and closure with

the aid of ordinary tools. The assembly and closure devices shsll be capahle
of repeated re-use.

DETHIL RSUIRE'ETTS

WATURTLLS

The panel material shell meve & puncture rosistence corresponding to that
of ore-quarter inch, three-ply softwood, plywcod, or sreater.

CONSTANCTION
Skids

Twe hase section shall be sguinped v th skids in » -osition arproximetely
flusk with the sides of the container. The veritical clsarance between the

boivtom of the container and the bottom of the skids shall be a minimum of three
inches,

Hardware

o e s A0 B e vl eI e




load Carrying Members

Load oarrying members shall be provided as an integral part of the base of

the osontainer to support a directly applisd loed fastened to and supported only
by the base.

Mounting Provisions

Provisions shmll be made for mounting adequate blade saddles. Provisions

shall s made for arshoring the root end of the rotor blades to the bottom of
the ocontainsr,

Finish

All exposed surfaces subjsct tc corrosion shall be finished with an olive
drsb paint,

Rigidig

When loaded with & test load and when suspended &t the ends as described
in Tests, the maximum deflection of the contsiner shall not excesd ons-
quarter inch. After beine subjected to the rdrop describsd in Tests, the zax-
imum deflection of the conteiner, similarly loanded

ded and suspendad, sghell not
exceed three-qusrters inch. After being sudbjssted to the drop test and to tha

superimposed losding test, the conteiner shall reveal no significent structural
woakness and no deformation shall have ozrirred which will not permit the resdy
reassembly of the container following somplete disessgembly, snd the fastenare
shall be intact end in a condition for re-use.

TESTS
TZST LOAD

The container shall be loaded for testing, with s dummy lcad ettsched
firmly to the bottom or hese of the container. The dummy load shall be equiva-
lent to the weight ¢f the blades given in Dimensions, above, sn? the lensth
container required. Of this load, 60 per cent of the weight s'wll bs applied
to an ares of three inches the width of the contsiner, crosswisa of the bottom
of the ocontainer, and located 1, irches from ons end. The remsining LD per

cent of the dummy load shall be mpplied to & similar hearing arsa locsted
30 inches from the oprosite end.

DROP TESTS :

v ehell be supported st ane end of e boer e
L I T N R T o
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DEFLECTION TESTS

The oontainer shell be freely suspended in a horizontal position by four
of the lifting rings, attachsd to the top, nearsst the snds of the oontainer.

SUPERIMPOSED LOAD TEST

A load of 100 pounds per squars foot, without intervening dunnage or
other supports, saell be applied over the entire top area of the container.

THE KELLETT CONTAINER

After a study of the problem, Kellett decided that the design as originally
proposed was not adequate for the job to be done and a complete redesign of the
oontainer was made. This redesign was presented to Propeller laboratory per-
sonnel who desmed that it sould meet the recuirsments and vas satisfactory.

The redesicned container as sibmitted {see Figs. 3, 9, and 10) has overall dimen-
sions of 26 ft. L in, {lenzth), 3 f&, (heipht), and 2 ft. & in. {width). It

is constructed of 1l panels made of a square, aluminum tube frame, and aluminum
honeycomb filler covered by two parallel eluminum shests. Initially the panels
were mgsembled with fastensrs kmown as "Roto-looks™ which incor-orate a toothed
cax and secentrio. These fasteners were replaced bv a bettsr typs lock when
tests proved the "RotosLooks" unsstisfactory. The container is so designed

ttat by warying the number of panels, lenzths of 10 ft., 16 ft,, and 26 i,

esn be attained. When disassembled and packaged for shipment, its cubature is
apfroximately 140 ocubic feet.

When first submitted on 11 May 1552, ths Kellett container suscessfully
passed 811 of the regquired tests except the drop tests during which the locks
and the flooring under the load failed. The container was returned to the
contractor's facilities for redesign end repeir. Tt was resutmitted
& Yovember 1951 but again the locka and flooring feiled during the drop tests,
After a new type fastensr had been installed and a redesign of the floor panels
completed, the container was again submitted 10 March 1952 and sueccessfully
ocmpleted the drop tests. A detail description ¢f the container and the develop=
ment program follows:

FANELS

The panels for the Kellett container gre of two hasic lenzths, 10 ft, and
6 ft., and weigh 63 pounds and 3% pounds, respectively. These panels mey be
uged in warious combinations to give lensths wvarying up to ?6 ft. {see Figs. 1
13, and 113, The pras) itocelP 19 constracted with s frame of .06 in. 2LST3
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Fige 11 = Panel - Kellett Container
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Yooated every 18,5 in., along the top and bottom of the panel. Three'look
hous'ngs are looated on esch end of the panel {aee Fig. 12). All panels have
tepered Iboating studs sround the periphery to assure positive alignment.
_Attachad @ the top panels mre four lifting rings, two inches inside diamater,
made of 5’16 diameter 1020 steel. The end panels oontain two helicoil inserts
for attachment of the blads root retaining frames.

The lcwer panels are desiznmed to carry all of the load. As stated in the
Requirements, thia load must bes distributed over an mrea which is three inches
widé and extends across the width of the panel, In the original deaign, this
load was absorbed by a freme oross member which was attached to the edge tubing
by 8 olip and tvo rivets. This feiled in the first drop test {Ref. L)« When
the container was retumed toc Kellett for modifications, the clips were re-
placed, using "f1-Shear"™ rivsts, Thi s failed during the second drep test,
{Ref. 5) so tne flooring was further strensthened by inserting e hard maple
blogk in the ends of the supporting cross member and fastering it and the
supporting clips with four one-quarter ffch dismeter bolts. The ¢lips were
fastened to the sicde framing with rivets nnd ends of the Esna Roll !ins, whioh
are used to secure the look nousings at this point. Tn addition to sirensthen-
ing the bottom panel for the third series of drop tests, & strip of one-"mlf
inoh rubber waa plecsd ir the bottom of the blads retsining ~hannel to cushion
the lced, The bottom panel as modified did not fall ‘uring the third seriss
of tests.

FASYEVERS

The fasteners used to lock the mnels of the container are manufactured
by the Simmons Fastener Corporation., The fsstener first used in the container
has the trade neme "Roto-Lock" {Fig. 132) snd consists primarily of a circular
cem »ith a "T" shaped crossz section in the male housing whioh cortacta the ex-
tended ears of lipas of the femals housing. ‘then the cem is rotated by & con-

ventional "hex" or Allen type wrench, the two housings are forced together by
the scticn of the cam on the female ezrs.

The houeings of these early locks were made of cold rolled low cearbon
steel and the cems were made of brass, Thia type of lock failed during the
128 in. drop endwise test (Ref, L). It wag found thet the lips of the femals
housinge which were stamped were failing either by spreading and allowing the
oam to slip or by oraocicing near the edge of the stamped derrescicn,

dring ths initial acceptance tests,
wocr the feshenere, [Tt ees frund thet
:1¢ withshtand &r sversve tensile load of
rEaR Avmd e ptflising 1130 stesl hest
s b 4 t55l steel for
porde fopothe
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decided to utiliza the [,130 steel housings and brass cems for the second saries
of socertsnce tests. Thess "Roto-Locks" failed gensrally in the lips of the
oams during the 7, in. drop endwise test {Ref. 5).

After the second feilure of the "RKoto-Lock"™ type of fastener, Kellett
tested several "Dual-locks,"™ a new typs of festener recently developed by
Simmons Fastener Corporation ’see Fig. 1i). 1t wes found that it was pos-

sible to obtain tensile loads up to 7700 pounds with the newer type lock.

The "Dual-Lock™ consists primarily of a hook made of four pieces of Lizo
sheet steel heat trestsd to 160,000 UTS mounted on.an eccentric which is op-
erated by a standard Allen "hex" wrench, and a pin located in the female housing.
When the wrench is turned, the hook turns with the eccentric until it engmses
the pin. As the wrenoh 1s turned further, the eccentrie omtinues to rotete,
forcing the hook into the male housing, pulling the two housings tozether {see

Fig, 12). By reversing the direstion of rotetion of the wrench, the locking
action is reversed.

Sixty-nine "Roto-Looks™ were raplaced by "Dual-Locke™ in all lock housings
. located below the neutral axis of the container, With the new "Lual-Locks,”

the Kellett container passed the drop tests, thus m eting the requirements end
therefore becaws accsptable (Ref &),

The "Dusl-Lock™ type of fmstener works well in this tvpe of mpplication,
for it gives a positive locking asction. Also, the "Roll-Pins” which are used
to hold the lock housings in the peneld apnsar to work well. These "Roli-Pina"
mey bs plugged or left open as breathers for the container.

SADDLE RETAINING CHANNELS

Another feature of this container is the removable blade support saddle
retaining channels (see Fig. 15). These retaining channels are mads of .06, in.
2liST aluminum alloy shest bent intc a "U™ shape and drilled to accommodate four
Simmona one-quarter inch diameter Spring-Lock studs which are used to fasten the
channel to the panels. The hottom and side panels ocontain matching holes near
the ends in the frame orose members so that the channels may be quickly attached
oy detached to thw penels. Expsriense gzained during the shioping tests indicates
that it would be better 1f all of the frame cross members were drilled to acoom-
modate the saddle retaining channels so that the chennels, and thus the blade
supporting saddles, ocould be s*ifted teck and forth more eesily to arcommodate
‘the various lengthe of bladesz wrich are in use. Tris retaining channel appears
to work well for it esn be auicklv sttuched end detached and it provides ade-
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the container's sdequacy. This service test consisted of pscking & set of
helicopter rotor blades in the ocmtainer and shipping the cmtainer to warious
points in the continental "nited States to mscertain if the container wold
perform its function of protscting the rotor blades from demase.

As stated, this program has been mr imarily ooncerned with the development
of the aoctusl container and not with the blede mounting crovisions, since it
wag felt that the blade mounting provisions should be left up to the individual
blede manufacturer. As a result of this, no saddle design was available and
blade supporting saddles ‘md to be desisned for this shipping test, It is
imperative that the blades be prorerly supported in the conteiner to rrevent
damage Yo the blades. Experisnce has shown that a large psrcentsge of the
damare incurred by rotor “lades during shipment 1s due tc improper rounting.
For this reagon, oareful attention was given to tho design of the blade sup-
porting saidles for this test in order to mssure tnat these sunports would not
be a contributing fector to any damars which the test blades might incur.

A set of R-6 wood, fabrie, and metsl bledes was used for the test ghip-
ment (see Fig. 16). Tt was decided to use H-6 blmdss becauss the tyre of couw
struction utilized in thess blades rendered them more susceptible to drmaze
then any cther available blade. Also, the R-0 blade approximatses the lensth
and weight of the blade for an HUP or H=25 helicopter for which enother tyre of
ocontainer has besen febricated. This use of comparable size biades sn? con=
tat ers will enable & compariscn to be made between the Kellett conteiner
deveioped by the Alr Force and Horold container devaloved fur use with the Navy

FUP blades. Only the two 10 ft. sections of the ~ontainer wers nesded to ship
these blades.

The saddle designs used for this test were the result of the combination
of the best festures of hlade ssdile designs whioh have proved most successful
in the pest. Ths blades were not only isolated from the suprorting ssddles by
foam rudbber as shown in Figs. 17, 18, 19, and 20, but the saddles were isclated
from the container proper bty a one-half inch strip of rubbar. The blades were
securely mounted both by looking the saddle halves securely and by sscuring the
root ends of the blades to the ends of the ocontainer,

The blados and the oontainsr were thoroughly inspected mwior to shipment
and all demsged aress were noted and tabulated. A silver dot was painted on

one and of the conteiner to aid in the loomtion of the damaged aress for future
reference,

The itinerary of the test was as follows:

W-PAFB, Ohio, vis rail to Mather #77 07707

Mather APB, Cnlif. w¢ o e
Kelly A¥R. Tiwn- : B
it :
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taes wars reguested to rsport on the econdition
rieed from the lect station. The ma’ority of the damags
{ses Figa, 21, 77, 2%, L. and 25} occeurred durine

o Kelly AFB, With the exception c¢f several small puno=
tures snd the skin tear on the bottom of the contaimer me shown in Fig., 22, the

demmze fncurrsd in shipment wee 2 continuation of the demage previocusly ineurred
by ths scuteiner durt

p the drop tests. Bond fallures and skin sspermtivns cone

tinued W enlarge sz showes fa Fig, 2. Wsither te Peb rotor blsdesmr the
Imbepl o of cotadree o flered any de duriap the shipiing tesi.
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ths blade profile surrounded
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ther with eye-bolts

adres wes testod in ths Regud rements of

It yma @ LT A0 T the arimpoged load test
ise ginos 1% was Toll Vet prirsry concern of the Alr Force
tents wus to determing the merit of the eluminum channel (Fig, 23) ekide end
the shockemounted blada reteining saddlea (Pip. 27). Thw dummy load coneisted
£ three s%se) pirss londed =i th shotebags to simulzte the welpht (22 pounds)
of threa HUP or BePS type blades (Fig. 30), cdistributed so thet &7 rov -rwi o
ths load weotad on one blade saddle snd thre r '
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the end of the 18 in, drop (see Figs. 31 scd 32), Tt wes also found that the
*Comloo™ fasteners used to fasten the two halves together were in genersl very
diffioult to lock and unlock and wers torn loose from the mounting flange rather
oasily {(Fig. 33). Materials iaboratory Technical Hote No. WCRIC 5213, dated
12 June 1952, (Ref. 6) oconserning the Ucnold oonteiner tests recommended that

s diffarent skid design be utilized that would nat be subjeot to bending and
orushing and that s different type of fastener be utilized that would not be

as oasily susceptible to dsmmge as the presently used "Camloos.®

With the above mentioned improvements inoorporatsd in the Honold container,
it is felt that it would prove to bs an excellent container for the shipment
of small sized rotor blades. It must be stated, howsver, that the Homold
container 4058 not mest ths requiremente set up, for it is not demountable and

is not extensible and, as has been stated, ieiled t pssa the drop-cornerwise
tosts,

CONCLUSIONS

Tho contaiuer dewvelopsd by Kellett under Air Force Contract #F3%038)-12757
mscte the requiremente as originaily sel up in the subject contract. The oon-
tainer passed the third series of drop 4ests and incurred only minor damage.
Although ma jor demage wag incurred by the exterior of the oontainer during shipe
ping tests, the intorior end the blades remained umharmed., It appears that should
such a container be put into production, it would be necessary to secure s more
sdequate bonding materisl to securs the skin to the frame and the honeycomb.

It is concluded that for mess croduction pur-oses s single size or a standard
length panel should te utilized instead of the two lengths utiliged in the pre-
sent ocontainer. Tho development of the Simmons "Dual-Lock™ whieh occurred as
& result of ths subject container development {a significant, As a quick conw
noct and disconnect devios it is very ndequate. It appears that many aprlioca-
tions of this positive locking device may be found in the packaging field.

It is felt that the Kellett sonteiner is overwsight {875 pounds when loaded
for shipment with R-6 blades, as compsred with ;20 pounds for the Honold con=
tainer when loaded) and oould be lightened without szerificing strength.

The Honold qontainer appears adequats for the job for which it was designed;
1.0, for shipment of small redius rotor blades., The skids utilized on the
Honold ocontainer are not adequate, but cculd easily be modified to withstand
inapaot loading without crushing. It is felt that in view of the resulte of the
shipping tests on the Kellett container, psrhaps the zage of mota‘ utilized in
the conatruction of the Honold econtainer is too thin and will he - P
if subjected to rough hendling such as was experienced by =-» !~
during the shipping tests.
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